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Abstract
6\VWHPRI6\VWHPV 6R6SURMHFWV DQG V\VWHPGHYHORSPHQW DUHJHQHUDOO\ FRQVLGHUHG WREH FRPSOH[$OWKRXJK WKHUH LV QR
JHQHUDOO\ DJUHHG GHILQLWLRQ RI FRPSOH[LW\ WKH DVSHFWV RI DXWRQRP\ DQG LQGHSHQGHQFH RI WKH LQFOXGHG V\VWHPV DUH JHQHUDOO\
FRQVLGHUHGWREHWKHNH\DVSHFWVGULYLQJFRPSOH[LW\
+RZHYHU 6R6 SURMHFWV DQG V\VWHPV GR QRW KHDYLO\ GUDZ RQ WKH GHYHORSPHQW RI FRPSOH[ V\VWHPV SULQFLSOHV IURP OLWHUDWXUH
GHYHORSHGPRUHEURDGO\:KLOHZRUNLQJRXWVLGH WKH$VKE\ VSDFHRI UHTXLVLWHYDULHW\ LV UHFRJQL]HGQRWLRQVRI EHLQJRQ WKH
HGJHRIFKDRVDUHQRWJHQHUDOO\ UHFRJQL]HGDV OHDGLQJ WRPRUH LQQRYDWLYHVROXWLRQV2SHUDWLQJ LQ WKH3DUHWLDQVSDFHRISRZHU
ODZV ZLWK IUDFWDO DQG VFDOLQJ SULQFLSOHV UDWKHU WKDQ RSHUDWLQJ XQGHU *DXVVLDQ VWDWLVWLFV DOVR UHFHLYHV VFDQW DWWHQWLRQ 6HOI
RUJDQL]HGFULWLFDOLW\DQGWKHUROHRIWLQ\LQLWLDWLQJHYHQWVLVQRWGZHOWRQ5HFRJQLWLRQWKDWQDWXUDODQGEXVLQHVVV\VWHPVXQGHUJR
F\FOHVZKLFKXVXDOO\LQYROYHVFKDQJLQJVWDELOLW\OHYHOVLVVHOGRPGLVFXVVHG6\VWHPLFDQGFDVFDGLQJULVNDQGEODFNVZDQHYHQWV
DUHRQO\GLVFXVVHGDOLWWOH6HQVHPDNLQJDQGFRPPRQPHDQLQJDQGWKHUROHRIDWWUDFWRUFDJHVDQGSDWKKLVWRU\LVQRUPDOO\QRW
PDGHXVHRI)LQDOO\WKHUROHRIV\VWHPVLQWHOOLJHQFHLVH[DPLQHG7KHEHQHILWVRIDGGUHVVLQJWKHVHFRQFHSWVLQV\VWHPRIV\VWHPV
LVH[DPLQHG
.H\ZRUGVV\VWHPRIV\VWHPVUHVHDUFKRQFRPSOH[V\VWHPVEHLQJRQWKHHGJHRIFKDRVSRZHUODZV3DUHWRDQGVSDFHIUDFWDOVWLQ\LQLWLDWLQJ
HYHQWVQDWXUDOV\VWHPVV\VWHPVLQWHOOLJHQFH
1. Introduction
7KHLVVXHRIV\VWHPRIV\VWHPV6R6UHVHDUFKHUVDQGSUDFWLWLRQHUVEHLQJUHWLFHQFHWRDGGUHVVDQXPEHURILVVXHV
ZKLFK KDYH HPHUJHG IURP D VWXG\ RI FRPSOH[ V\VWHPV LV H[DPLQHG $ NH\ DVSHFW KHUH LV WKH GHILQLWLRQ RI 6R6
SURMHFWVZKLFK LV JHQHUDOO\ DFFHSWHG WR LQFOXGH DXWRQRPRXV DQG LQGHSHQGHQW V\VWHPV >@7KH DVSHFW WKH DXWKRU
YDOXHV LQ WKLV GHILQLWLRQ LV WKH LQWHJUDWLRQ RI WHFKQLFDO HQJLQHHULQJ SURFHVVHV DQG KXPDQ V\VWHP DXWRQRP\ DQG
LQGHSHQGHQFHZKLFKLQFOXGHVFXOWXUHYDOXHVEHOLHIVSHHUVHWF>@7KHVHDVSHFWVZLOOEHH[DPLQHGLQ6HFWLRQDQG
FRQFOXVLRQVGUDZQLQVHFWLRQ
2. Complex Systems concepts seldom used in SoS research
$QXPEHURIFRQFHSWVZKLFKDUHQRWZHOODGGUHVVHGLQ6R6UHVHDUFKDQGSUDFWLFHDUHH[DPLQHG
ª5IF"VUIPST1VCMJTIFECZ&MTFWJFS#7
4FMFDUJPOBOEQFFSSFWJFXVOEFSSFTQPOTJCJMJUZPGTDJFOUJGJDDPNNJUUFFPG.JTTPVSJ6OJWFSTJUZPG4DJFODFBOE5FDIOPMPHZ
© 2014 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/3.0/).
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 2FFXS\LQJWKHVSDFHEHWZHHQ$VKE\
VUHTXLVLWHYDULHW\DQGFKDRV
7KH LPSOLFDWLRQ RI WKH ZRUN RI D $VKE\ >@ LQ GHILQLQJ UHTXLVLWH YDULHW\ DQG WKH IXUWKHU ZRUN RI .XUW] DQG
6QRZGHQ>@LQUHFRJQL]LQJIRXUVWDWHVRIWKHV\VWHPDQGWKHODEHOOLQJRI WKHVHIRXUVWDWHVDV.QRZQ.QRZDEOH
&RPSOH[ DQG &KDRV PXVW EH UHFRJQL]HG 2WKHUV ODEHO WKHVH IRXU VWDWHV DV 6LPSOH &RPSOLFDWHG &RPSOH[ DQG
&KDRV([DPSOHVDUHSURYLGHGRISURGXFLQJDMHWHQJLQHDVEHLQJDQH[DPSOHRIRFFXS\LQJWKHFRPSOLFDWHGVSDFH
ZKHUHDV VHOOLQJ MHW HQJLQHV LV FRPSOH[ GXH WR WKH ODFN RI FRQWURO RI FXVWRPHUV DQG FRPSHWLWRUV $XWKRUV ZKR
HVSRXVHWKHFRQFHSWRIFRPSOLFDWHGDQGFRPSOH[LQFOXGH&RWVDIWLV>@DQG*ORXEHUPDQDQG=LPPHUPDQ>@7KLV
DSSURDFK OHDGV WR WKH UHFRJQLWLRQ WKDW WKH FRPSOH[LW\ VSDFH LV WKH VSDFH RI PD[LPXP LQQRYDWLRQ DQG
HQWUHSUHQHXUVKLS
.XKQGHVFULEHVWKLVHGJHRIFKDRVDVIDUIURPHTXLOLEULXPDQGEHWZHHQRUGHUDQGGLVRUGHU,WLVZKHUHFRPSOH[
VHOIRUJDQL]LQJV\VWHPVRUHQWLWLHV WHQG WRQDWXUDOO\JUDYLWDWH >@ZKLFK LV VXSSRUWHGE\3DFNDUG>@DQG/DQJWRQ
>@.XKQFRPPHQWVWKDWLWLVKHUHWKDWSURFHVVHVRIRUJDQL]DWLRQDODGMXVWPHQWDGDSWDWLRQDQGGHYHORSPHQWDUHPRVW
VXSSRUWHGDQGIRVWHUHG
0F.HOYH\ >@ GHILQHV5F DQG5F WKH FULWLFDO YDOXHV GHILQLQJ WKH HGJH RI RUGHU DQG WKH HGJH RI FKDRV ,Q
*HQHUDO(OHFWULF-DFN:HOVKLQFUHDVHGWKHDGDSWLYHWHQVLRQVZKLFKHQFRXUDJHGSKDVHWUDQVLWLRQVWRDQHZRUGHU7KH
WHQVLRQQHHGVWREHDERYHWKHILUVWFULWLFDOYDOXH0F.HOYH\FRPPHQWVWKDWEHORZWKHILUVWFULWLFDOYDOXHEXUHDXFUDWLF
EHKDYLRUSUHYDLOVZKHUHDVDERYHWKHVHFRQGFULWLFDOYDOXHFKDRVSUHYDLOV
 &KDRUGLFV\VWHPV
&KDRUGLFV\VWHPVEOHQGRUGHUDQGFKDRVYDQ(LMQDWWHQ>@JHQHUDWHGWKHWHUPKRZHYHUWKHFRQFHSWLVVXSSRUWHG
E\0LWOHWRQ.HOO\>@7KHFRQFHSWDGGV XVHIXO GHWDLO UHJDUGLQJ WKH PL[ RI FKDRV DQG RUGHU HTXLOLEULXP VWDWHV
WKDW FRH[LVW ZLWKLQ RQH V\VWHP RUJDQL]DWLRQ DQG WKH SDWK WRZDUGV ELIXUFDWLRQ GLVVLSDWLRQ DQG WKH VWHS WR WKH
QH[WOHYHO RI FRPSOH[LW\ 
 3DUHWLDQVWDWLVWLFVDQGSRZHUODZV
$QXPEHURI V\VWHPVRSHUDWH DV SRZHU ODZV UDWKHU WKDQ UDQGRPO\GLVWULEXWHG HYHQWV7KHVH DUH VLPLODU WREXW
TXLWHGLIIHUHQWIURP3RLVVRQGLVWULEXWLRQVLQWKDWWKH\WDNHWKHIRUPRIUDQNVL]HH[SUHVVLRQV7KH\DUHVHOIVLPLODU
DFURVVDOOOHYHOVWKDWLVWKHVDPHSURFHVVHVGULYHRUGHUFUHDWLRQEHKDYLRUDFURVVPXOWLSOHOHYHOVRIHPHUJHQWV\VWHP
>@>@>@
$QGULDQL	0F.HOYH\SRLQWRXWWKDWWKHVHSURFHVVHVDUHFDOOHGVFDOLQJODZVEHFDXVHWKH\UHSUHVHQWHPSLULFDOO\
GLVFRYHUHGV\VWHPDWWULEXWHVDSSO\LQJVLPLODUO\DFURVVPDQ\RUGHUVRIPDJQLWXGH>@
$QGULDQL >@ RXWOLQHV WKH EHQHILWV RI SRVLWLYH IHHGEDFN DOVR NQRZQ DV FDXVDWLYH GHYLDWLRQ DPSOLILFDWLRQ LQ
ZKLFKDSURFHVVEHFRPHVVHOIUHLQIRUFLQJDQGVSLUDOVXSLQDQH[SORVLYHZD\$QH[DPSOHLVSURYLGHGE\DOOPRELOH
SKRQHPDQXIDFWXUHUVEHQHILWLQJIURPHDFKRWKHU¶VVXFFHVV
3HU%DNILQGVWKDWDUHPDUNDEOHJURXSRIQDWXUDOV\VWHPVIROORZVLPLODUODZVZKLFKKDYHDSRZHUVWUXFWXUH[\
>@7KHLQLWLDOSRZHUVWUXFWXUHZDVEDVHGRQ=LSI¶VODZZKLFKUHODWHVWKHVL]HRIZRUGVLQWHUPVRIWKHQXPEHURI
OHWWHUV WR WKHLU IUHTXHQF\RI XVH ILQGLQJ WKDW WKHRUGHU RI XVH VW QG UG LV UHODWHG WR WKHLU OHQJWK LQ OHWWHUV 
ORJRUGHULVDIXQFWLRQRIORJOHQJWKDQGWKHUHODWLRQVKLSLVDVWUDLJKWOLQH$VLPLODUVWUDLJKWOLQHLVH[KLELWHGLQWKH
ORJDULWKPLFUHODWLRQVKLSEHWZHHQ
)UHTXHQF\RIHDUWKTXDNHVDQGWKHLUVHYHULW\
6L]HRIVRODUIODUHVDQGWKHLUIUHTXHQF\
x 0RQWKO\YDULDWLRQRIFRWWRQSULFHVWKHQXPEHURIPRQWKVZKHUHWKHUHODWLYHYDULDWLRQH[FHHGHGDJLYHQ
IUDFWLRQDQGWKHLUIUHTXHQF\
x %LRORJLFDOH[WLQFWLRQVRYHU\HDUV
x /HQJWKRIIMRUGVRQWKH1RUZHJLDQFRDVW
x /HQJWKRIULYHUVLQZKLFKWKHIORZRIZDWHULVSURSRUWLRQDOWRWKHDUHDGUDLQHGE\WKHULYHUEUDQFK
x 1RLVHIURPWUDIILFDQGLWVIUHTXHQF\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 6FDOHIUHHDQGIUDFWDOEHKDYLRU
)UDFWDO JHRPHWU\ ZDV GHYHORSHG E\0DQGHOEURW >@ +H GHPRQVWUDWHG WKDW LUUHJXODU VKDSHV RI PRVW QDWXUDO
REMHFWV IURP FDXOLIORZHUV WR FRDVWOLQHV WUHHV DQG JDOD[LHV VKRZ WKH VDPH GHVLJQ DQG VKDSH DQG UHVXOW IURP WKH
VDPHFDXVDOG\QDPLFV$IUDFWDOLVDSDWWHUQRUVKDSHZKRVHSDUWVHFKRWKHZKROH)UDFWDOVDUHVHOIVLPLODUREMHFWV
7KH\GHPRQVWUDWHSRZHUODZV
0F.HOYH\DQG$QGULDQL >@SRLQWRXW WKDW IUDFWDO VWUXFWXUHVHPHUJHEHFDXVHDV µLQ WKHFDXOLIORZHU WKH VDPH
FDXVH DSSOLHV DWPXOWLSOH OHYHOV¶7KH\ DVN WKHTXHVWLRQRIZK\GR IUDFWDO VWUXFWXUHVRFFXU DQGSRLQW RXW WKDW WKH
PDWKHPDWLFDOHTXDWLRQ LV WKH VDPHDWPXOWLSOH OHYHOVRIDPDWKHPDWLFDOO\FUHDWHGIUDFWDO WKHDGDSWLYHUHVSRQVHRI
ELRORJLFDODJHQWGHSHQGVRQWKHVDPHFDXVHVRSHUDWLQJDWPXOWLSOHOHYHOVRIDELRIUDFWDO(YHQWKRXJKWKHFDOOLVWKH
VDPHDWPXOWLSOHOHYHOVWKHFRQVHTXHQFHVFDQEHQRQOLQHDU
$QGULDQL >@ FRPPHQWV WKDW SRVLWLYH IHHGEDFN FUHDWHV VFDOH IUHH G\QDPLFV ZKLFK \LHOG UHFXUVLYH V\VWHPV
5HFXUVLYLW\LQGLFDWHVWKHSURSHQVLW\RIWKHV\VWHPWRQHVWLQDKLHUDUFK\RIVHOIVLPLODUVWUXFWXUHVWKDWLVWKHV\VWHP
DQG LWV VXEV\VWHPV DQG WKHLU G\QDPLF EHKDYLRUV DSSHDU VLPLODU DFURVVPXOWLSOH VFDOHV 7KH UHFXUVLYH EHKDYLRU LV
SURYLGHGE\WKHUHWXUQVIURPLQQRYDWLRQEHLQJUHLQYHVWHG
 5ROHRIDGDSWLYHWHQVLRQVLQLQLWLDWLQJSKDVHWUDQVLWLRQV
$QGULDQL DQG 0F.HOYH\ >@ PDNH WKH VWURQJ SRLQW WKDW DGDSWLYH WHQVLRQ LV LPSRUWDQW LQ LQLWLDWLQJ SKDVH
WUDQVLWLRQV
$TXHVWLRQZKLFKDGGUHVVHVWKHLVVXHRIZKHWKHUWKHRUJDQL]DWLRQQHHGVWREULQJLWVH[SORUDWRU\DFWLYLWLHVXQGHU
WKH5HTXLVLWH9DULHW\UHJLPHE\IXOO\H[SORULQJSRVVLEOHGHYHORSPHQWVRUSURYLGHVWDIIZLWKJHQHUDOJXLGDQFHRI
WKHEXVLQHVVVWUDWHJ\RILQFUHDVLQJDGDSWLYHWHQVLRQVWKURXJKLQFHQWLYHVVXFKDV-DFN:HOFKLQ*HQHUDO(OHFWULFRU
H[SORUH SRVVLEOH GHYHORSPHQWV WR EULQJ WKHP XQGHU D FRQWUROOHG UHJLPH 7KLV VHDUFK FDQ LQFOXGH VHHNLQJ D QHZ
EXVLQHVV PRGHO DV ZHOO DV H[SORULQJ YDULRXV SURSRVHG SURGXFWV DQG VHUYLFHV /RFK HW DO  >@ TXRWH D VWXG\
SUHVXPDEO\ RI WKHLUV RI  QHZEXVLQHVV GHYHORSPHQW SURMHFWVZKLFK µVXJJHVW WKDW µRQH NH\ GLIIHUHQFH EHWZHHQ
ILUPVWKDWDUHDEOHWRDGDSWWRDFKDQJLQJHQYLURQPHQWDQGWKRVHWKDWIDLOWRGRVROLHVLQWKHLUDELOLW\WRHQJDJHLQ
VHOHFWLRQLVPE\FUHDWLQJDYDULHW\RIGLIIHUHQWVROXWLRQDSSURDFKHV¶
 6HOIRUJDQL]HGFULWLFDOLW\
%DN>@UHFRJQL]HGVHOIRUJDQL]HGFULWLFDOLW\62&ZKLFKLVGHPRQVWUDWHGE\GURSSLQJVDQGJUDLQVWRFUHDWHDQ
LQYHUWHGFRQH%DNH[WHQGVWKLVFRQFHSWWRDSSO\LWWRHFRQRPLFVUHFRJQL]LQJWKHUHODWLRQVKLSEHWZHHQVXSSO\DQG
GHPDQGPDQDJHULDODFWLRQVEDVHGRQWKHILUPVL]HWRVWRFNPDUNHWVRUWUDQVLWLRQDOHFRQRPLHV>@
6HOIRUJDQL]HG FULWLFDOLW\ LV D SURSHUW\RI G\QDPLF V\VWHPV DQG LV FRQVLGHUHG WREHRQHRI WKHPHFKDQLVPVE\
ZKLFKFRPSOH[LW\DULVHVLQQDWXUH3HU%DNGHVFULEHVVHOIRUJDQL]HGFULWLFDOLW\DVµVHOIRUJDQL]HGFULWLFDOLW\H[SODLQV
VRPHXELTXLWRXVSDWWHUQVH[LVWLQJLQQDWXUHWKDWZHYLHZDVFRPSOH[)UDFWDOVWUXFWXUHDQGFDWDVWURSKLFHYHQWVDUH
DPRQJWKRVHWRZKLFKVHOIRUJDQL]HGFULWLFDOLW\DSSOLHV
0F.HOYH\DQG$QGULDQL>@VHHWKHSULQFLSOHRIVHOIRUJDQL]HGFULWLFDOLW\EHLQJGHPRQVWUDWHGE\HIIHFWLYHILUPV
ZKLFK KDYH WR NHHS FKDQJLQJ WKHLU SURGXFW OLQHV WR NHHS XS ZLWK FKDQJLQJ WHFKQRORJLHV DQG FXVWRPHU WDVWHV
+RZHYHU µJLYHQ WKH FRPSOH[ LQWHUDFWLRQV LQYROYHG RQH FDQQRW SUHGLFW VFDODEOH RXWFRPHV¶ >@ µ+RZHYHU
XQGHUVWDQGLQJ DGDSWLYH WHQVLRQ DQG FRQQHFWLYLW\ DOORZVRQH WR UDWLRQDOO\ DQWLFLSDWH DQG DGDSW WR WKHG\QDPLFVRI
VFDODELOLW\¶$QGULDQLDQG0F.HOYH\>@GLVFXVVWLQ\LQLWLDWLQJHYHQWV7,(VEDVHGRQWKHFRQFHSWRIZK\:DOPDUW
HPHUJHGLQWRWKH ODUJHVWRIWKHZRUOGIURPWKHPLOOLRQ0DDQG3DVWRUHVLQWKH86$7KHFRQFHSWLVEDVHGRQ
FKDRVWKHRU\DQGWKHEXWWHUIO\HYHQW6SRWWLQJPHDQLQJIXO7,(VLVWKHQEDVHGRQXQGHUVWDQGLQJDGDSWLYHWHQVLRQDQG
FRQQHFWLYLW\DQGWKLVPDNHVSUHGLFWLRQHDVLHU
$QGULDQLDQG0F.HOYH\>@TXRWHDQXPEHURI7,(VZKLFKRFFXUUHGLQWKHIDLOXUHRIWKHDPDOJDPDWLRQRIWKH
8QLRQ 3DFLILF UDLOZD\ ZLWK WKH 6RXWKHUQ 3DFLILF )XUWKHU H[DPSOHV RFFXUUHG LQ WKH IDLOXUH RI WKH WZR86 VSDFH
VKXWWOHV
$QGULDQLDQG0F.HOYH\>@DWWHPSWWRDQDO\]HWKHEHKDYLRURIEDQNVLQWKHJOREDOILQDQFLDOFULVLV5HFRJQLVLQJ
WKDWWKHFRPSOH[LW\UHJLPHRI$VKE\LVVDQGZLFKHGEHWZHHQRUGHUDQGFKDRVZKLOHDQXPEHURIWKHKLJKULVNEDQNV
ZHQWEDQNUXSW WKH IHZ WKDW UHPDLQHG *ROGPDQ6DFKV0RUJDQ6WDQOH\&LWLJURXS%DQNRI$PHULFDDQG:HOOV
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)DUJRZHUHDEOHWRH[SORLWWKH)HGHUDOUHVHUYHEDLORXWVE\HQJDJLQJLQPHUJHUDQGDFTXLVLWLRQDFWLYLW\WRHPHUJH
IDUVWURQJHUDQG ODUJHU WKDQ WKH\KDGEHHQ$QGULDQLDQG0F.HOYH\>@DQDO\]H WKLVE\FRPPHQWLQJµWKH\ IRXQG
WKHPVHOYHVLQWKLVFRPSOH[LW\UHJLPHEXWJHWWLQJHYHUFORVHUWRWKHVHFRQGFULWLFDOYDOXHDWWKHHGJHRIFKDRVLHWKH
FKDRWLFUHJLPHDVDSRVLWLYHIHHGEDFNF\FOHLHJUHHGOHGWRULVNWDNLQJZKLFKOHGWRPRUHJUHHGZKLFKOHGWRPRUH
ULVNWDNLQJDQGVRRQZKLFKJRWDPSOLILHG>@(QWUHSUHQHXUVDQGPDQDJHUVZDQWWRRSHUDWHLQWKLVVSDFHEHFDXVH
RIWKHKLJKULVNVDQGUHWXUQVDUHQRWVKDUHGZLWKWKHDXGLWUHJLPH7,(VFDQRIIHUSRVLWLYHSD\RXWVDQGPD\EHSRZHU
ODZGLVWULEXWHGDQGEHLQJQRQOLQHDUSD\RIIVFDQEHYHU\ODUJHLQGHHG$QGULDQLDQG0F.HOYH\>@HQFRXUDJHXVWR
¶OHDUQWRZDQGHURXWLQWRWKHFRPSOH[LW\UHJLPHDQGH[SORUHZKDWLWKDVWRRIIHUXVZLWKRXWQHFHVVDULO\IDOOLQJLQWR
WKHFKDRWLFUHJLPH¶
6PDOOLVVXHVFDQVFDOHXSWRDIIHFWWKHZKROHFRPSDQ\7KHUHIRUHLWLVLPSRUWDQWWRORRNIRUWKHVH7,(VRUWLQ\
LQLWLDWLQJHYHQWVLQDQDO\VLQJWKHHIIHFWLYHQHVVRIWKHFRPSDQ\¶VV\VWHPV,GHQWLI\LQJOHYHUDJHSRLQWVLVFUXFLDOIRU
WKLV
 7LQ\LQLWLDWLQJHYHQWV
%RLVRWDQG0F.HOYH\>@ZKRGLVFXVVHGWKHDGDSWLYHIURQWLHUDVEHLQJEH\RQGWKHFRQWUROOHGVSDFHTXRWH*HOO
0DQQ¶V WZR W\SHVRI UHJXODULWLHV WKH VHFRQGEHLQJ WKHXQSUHGLFWDEOHPL[RI µWLQ\ LQLWLDWLQJHYHQWV 7,(V IUR]HQ
DFFLGHQWV DQG SRZHU ODZ SKHQRPHQD EDWKHG LQ QRLVH¶ 7KH\ TXRWH *HOO0DQQ¶V DUJXPHQW WKDW KXPDQV KDYH D
WHQGHQF\ WR EULQJ HYHQWV LQWR WKH DXGLW UHJLPH RI UHGXFWLRQLVW UHJXODULWLHV KRZHYHU *HOO0DQQ FRPPHQWV WKDW
KXPDQV FDQRYHUGR WKLV DQG XQZLWWLQJO\ HQGXSSODFLQJ WKHPVHOYHV LQ VLWXDWLRQV WKDW WXUQRXW WREHEH\RQG WKHLU
FDSDFLW\ WR DGDSW  WKDW LV WKH\EHFRPH VRJRRG DW EHLQJ HIILFLHQW WKH\ ORVH WKHLU FDSDFLW\ WR FKDQJH %RLVRW DQG
0F.HOYH\ >@ 7KH\ SURSRVH WKDW WKHUH DUH WKUHH W\SHV RI SHRSOH WKH 5RXWLQL]HU ZKR IRFXVHV RQ WKH RUGHUHG
UHJLPHWKH6WUDWHJLVWZKRIRFXVHVRQWKHFRPSOH[UHJLPHDQGWKH%HKDYLRULVWZKRIRFXVHVRQWKHFKDRWLFUHJLPH
 .DXIIPDQ¶VILWQHVVODQGVFDSH
.DXIIPDQ¶V >@ LQWURGXFHG WKH FRQFHSW RI D ILWQHVV ODQGVFDSH WKDW LV WKHUH DUH UHJLRQV LQ WKH ODQGVFDSH RI
RSHUDWLRQVZKLFKDUHPRUHDWWUDFWLYHWKDQRWKHUV7KHQRWLRQRIILWQHVVODQGVFDSHHPHUJHGRYHUELRORJLFDOUHVHDUFK
EHLQJGHYHORSHGLQWKHV.DXIIPDQWRRNWKHLGHDIXUWKHULQVKRZLQJKRZIRUDQ\RQHHQWLW\WKHRWKHUHQWLWLHV
DURXQGLWSURYLGHGLWVHQYLURQPHQWDQGYLFHYHUVD.XKQFRPPHQWVWKDWWKHODQGVFDSHUHYHUVHRIWKHVXPWRWDORIWKH
V\VWHP¶VPXOWLSOHHQYLURQPHQWVRUFRQWH[WV>@7KLVPD\LQFOXGHVRFLDOFXOWXUDOWHFKQLFDOHFRQRPLFSROLWLFDODQG
SK\VLFDOFRQWH[WVµ)LWQHVVUHIHUVWRWKHFKDQFHRIVXUYLYDO\LHOGHGE\WKHUHODWLRQVKLSEHWZHHQWKHHQWLW\V\VWHPDQG
LWV ODQGVFDSH,QFRPSOH[V\VWHPVVPDOOFRHYROXWLRQDU\PDWFKHVGHWHUPLQHILWQHVV7KHUHQHHGVWREHFRQWLQXLQJ
FRKHUHQFHEHWZHHQWKHVHOIRUJDQL]LQJHYROXWLRQRIWKHV\VWHPDQGLWVODQGVFDSH¶.XKQ>@.XKQJRHVRQIXUWKHUWR
FRPPHQWWKDWFRPPXQLFDWLYHFRQQHFWHGQHVVUHYHDOVDQGKHOSVHVWDEOLVKSKDVHVSDFH6KHGHVFULEHVFRPPXQLFDWLYH
FRQQHFWHGQHVVDVFRQYHUVDWLRQVFULWLFDOO\VHOIUHIOHFWLYHRIWKHSURFHVVE\ZKLFKWKHFRQYHUVDWLRQHPHUJHV
 (QYLURQPHQWGULYLQJV\VWHPVWUXFWXUH
%RLVRW 	0F.HOYH\ >@ VHH DGDSWLYH WHQVLRQ GHILQLQJ DQ µHGJH RI RUGHU¶ ZKLFK LV D ZD\ RI H[SORLWLQJ WKH
HQYLURQPHQW+RZHYHULWFDQEHDSODFHZKHUHVRPHRUJDQL]DWLRQVORVHWKHLUFDSDFLW\WRDGDSWDQGGLH7KHDQDORJ\
LVPDGHWRKHDWEHLQJDSSOLHGWRZDWHULQZKLFKHQHUJ\H[FKDQJHVKLIWVIURPFRQGXFWLRQWRFRQYHFWLRQDQGZHJHW
ZKDW LV FDOOHG WKH µUROOLQJ ERLO¶ LQ D WHDSRW 7KH FKDQJH RI IRUP VSHHGV XS KHDW WUDQVIHU DQG LQ VR GRLQJ PRUH
HIILFLHQWO\UHGXFHVWKHLPSRVHGHQHUJ\GLIIHUHQWLDO0F.HOYH\>@FDOOVWKLVDGDSWLYHWHQVLRQDQGGHILQHVDQHGJHRI
RUGHUZKLFKUHODWHVWR+DNHQ>@7KLVDSSURDFKXQGHUOLHVFRPSOH[DGDSWLYHV\VWHPVDVWKH\EHFRPHLQFUHDVLQJO\
HIILFLHQWDQGH[SORLWDWLYHRIWKHLUHQYLURQPHQWDQGLQVRPHFDVHVGRVRµDWWKHHGJHRIRUGHU¶>@
$VHFRQGFULWLFDOYDOXHRIDGDSWLYHWHQVLRQPRUHIRFXVHGRQWKHVRFDOOHGµHGJHRIFKDRV¶ZDVGHILQHGE\*HOO
0DQQ>@+ROODQG>	@DQG$UWKXU>@DWWKH6DQWD)H,QVWLWXWHLQWKHVDQGV,WLVD]RQHLQZKLFK
DGDSWLYHFDSDELOLW\LVDWLWVPD[LPXP%DN>@DUJXHVWKDWWRVXUYLYHHQWLWLHVQHHGWRPDLQWDLQWKHPVHOYHVQHDUWKH
HGJHRIFKDRV LQ WKHPHOWLQJ]RQH LQD VWDWHRIVHOIRUJDQL]HGFULWLFDOLW\ >@7KHVHFRQFHSWVDUHFRQVLVWHQWZLWK
$VKE\¶V ODZ RI UHTXLVLWH YDULHW\ DQG ZLWK WKH QRWLRQ RI D ERXQGDU\ EHWZHHQ FRPSOLFDWHG V\VWHPV DQG FRPSOH[
V\VWHPVRQWKHRQHKDQGDQGFRPSOH[V\VWHPVDQGFKDRVRQWKHRWKHUKDQG%RLVRWDQG0F.HOYH\>@H[SORUHWKLV
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DGDSWLYHIURQWLHUUHFRJQL]LQJWKDW WKHUHODWLRQVKLSEHWZHHQWKHYDULHW\RIVWLPXOXVDQGWKHYDULHW\RIUHVSRQVHRI
RUJDQL]DWLRQVQHHGVWREHPDQDJHG
*XQGHUVRQ 	 +ROOLQJ >@ LQWURGXFHG WKH PRGHO RI 3DQDUFK\ LQ ZKLFK QDWXUDO V\VWHPV XQGHUJR SHULRGV RI
YDU\LQJUDWHVRIFKDQJH
*XQGHUVRQDQG+ROOLQJH[SODLQHGWKHLUILJXUHDVDVW\OL]HGUHSUHVHQWDWLRQRIWKHIRXUHFRV\VWHPIXQFWLRQVU
.DQGĮZKLFKUHSUHVHQWW\SHVDQGVSHHGRIFKDQJHDQGWKHIORZRIHYHQWVDPRQJWKHPWKHFORVHO\VSDFHGVKRUW
DUURZV IURP H[SORLWDWLRQ DQG FRQVHUYDWLRQ LQGLFDWH D VORZO\ FKDQJLQJ VLWXDWLRQ ZKHUHDV WKH ORQJ DUURZV IURP
FRQVHUYDWLRQ WR UHOHDVH LQGLFDWHVD UDSLGO\FKDQJLQJVLWXDWLRQ OHDGLQJ WR UHOHDVHDQG UHRUJDQL]DWLRQZKLFK LV WKHQ
IROORZHGE\H[SORLWDWLRQ
7KH*XQGHUVRQDQG+ROOLQJPRGHOUHODWHVWR3HU%DN¶VQRWLRQVRISXQFWXDWHGHTXLOLEULXPWKDWHYROXWLRQRFFXUV
LQ VSXUWV LQVWHDG RI IROORZLQJ WKH VORZ EXW VWHDG\ SDWK WKDW 'DUZLQ VXJJHVWHG >@ %DN QRWHV WKDW FDWDVWURSKLF
H[WLQFWLRQVRIVSHFLHVKDYHRFFXUUHG+HQRWHVWKDWWKH&DPEULDQH[SORVLRQPLOOLRQ\HDUVDJRDQGWKH3HUPLDQ
H[WLQFWLRQPLOOLRQ\HDUVDJRLQZKLFKRIDOOVSHFLHVEHFDPHH[WLQFWZLWKWKHELJJHVWDYDODQFKHVWKDWKDYH
RFFXUUHG VR IDU -DFN:HOVK DV &(2 RI *HQHUDO (OHFWULF LQFUHDVHG WKH DGDSWLYH WHQVLRQ LQ WKH HQYLURQPHQW E\
SXWWLQJSUHVVXUHRQHPSOR\HHV WRDFFHSW WKHQHZYLVLRQ KLV± µEHQXPEHURQHRU WZRRUHOVH¶(OLPLQDWLRQRI
VWDIIIURPDWRWDORIHPSKDVL]HGWKHDGDSWLYHWHQVLRQ:HOVKDOVRFUHDWHG.3,¶VZKLFKFRXOGEH
XVHGWRLQGLFDWHPRYLQJRXWRIWKH]RQHRUGHUHGE\UHTXLVLWHYDULHW\LQWRWKHFRPSOH[LW\]RQH
,W LV SRVVLEOH WR JHQHUDOL]H IURP WKH *XQGHUVRQ DQG +ROOLQJ PRGHO RI QDWXUDO V\VWHPV WR DSSOLFDWLRQ WR
HQWHUSULVHVV\VWHPVDQGSURMHFWV
 6\VWHPLFDQGFDVFDGLQJULVNDQG%ODFN6ZDQHYHQWV
+HOELQJ>@UHFRJQL]HVV\VWHPLFULVNZKLFKLVWKHULVNFDXVHGE\PXOWLSOHV\VWHPVZKLFKLQWHUDFWDQGFRPELQH
DQG WKXV FDVFDGH DQG FUHDWHPDMRU GLVDVWHUV $Q H[DPSOH LV SURYLGHG E\ WKH:RUOG %DQN ZKLFK FRQFOXGHG WKDW
DSSURDFKLQJ  PLOOLRQ FKLOGUHQ KDG GLHG DV D UHVXOW RI WKH JOREDO ILQDQFLDO FULVLV 7KH )XNXVKLPD HDUWKTXDNH
WVXQDPLPHOWGRZQRIWKHQXFOHDUUHDFWRUVDQGSRRUPDQDJHPHQWE\WKHFRPSDQ\UHVSRQVLEOHSURYLGHVDQH[DPSOH
%XVKILUHV LQ 6\GQH\ RQ 2FWREHU  LQ ZKLFK D QXPEHU RI XQUHODWHG DQG ORRVHO\ UHODWHG V\VWHPV LQFOXGLQJ
WHPSHUDWXUHVRI)DQGZLQGVH[FHHGLQJNSK PSKDZDUPHU WKDQQRUPDOZLQWHUE\ ODFNRI
FOHDULQJRIGHDGWLPEHULQQDWLRQDOSDUNVWUHHVZKLFKKDGQRWEHHQSUXQHGDQGWKXVWRXFKHGSRZHUOLQHVWKH'HIHQFH
'HSDUWPHQWH[SORGLQJRUGLQDQFHWKHUHZHUHQRUHVWULFWLRQVLQSODFHDQGODFNRIFOHDULQJRISUHYLRXVO\XQH[SORGHG
RUGQDQFH IRU\HDUV DQG WKXV LQDELOLW\ WR ILJKW WKH ILUH DOO FRQWULEXWHG WR WKH ORVVRI RYHUKRPHVDQGRYHU
KDRIODQG7KHFRQFHSWRIV\VWHPLFULVNLVLQVWDUNFRQWUDVWWRGHDOLQJZLWKLQGLYLGXDOULVNVDVUHTXLUHGE\
,62ZKLFKLQYROYHVLGHQWLI\LQJWKHOLNHOLKRRGDQGFRQVHTXHQFHRIHDFKULVNDQGWKHQUDQNLQJWKHPLQRUGHU
RIVL]HDQGWKHQGHDOLQJZLWKWKHODUJHUULVNV
)LJ 3DQDUFK\PRGHORI*XQGHUVRQDQG+ROOLQJ
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 3KDVHVSDFHSDWKKLVWRU\DQGDWWUDFWRUFDJHV
$UHSUHVHQWDWLRQRIZKHUHWKHRUJDQL]DWLRQRUSURMHFWVLWVLQWHUPVRIDOOSRVVLEOHSRVLWLRQVLWFRXOGRFFXS\VXFKD
SKDVH VWDWH ,Q D SKDVH VSDFH HYHU\GHJUHHRI IUHHGRPRU SDUDPHWHU RI WKH V\VWHP LV UHSUHVHQWHG DV DQ D[LV RI D
PXOWLGLPHQVLRQDO VSDFH 7KH SDUWLFXODU SKDVH VSDFH RFFXSLHG E\ WKH HQWHUSULVH V\VWHP RU SURMHFW LV VWURQJO\
LQIOXHQFHGE\WKHLQLWLDOFRQGLWLRQVXQGHUZKLFKLWZDVLQLWLDWHG
.XKQ IRXQG WKDW SKDVH VSDFH FDQ KHOS XV WR XQGHUVWDQG WKH ZD\ WKH RUJDQL]DWLRQ JHQHUDWHG WKHLU VSHFLILF
RUJDQL]DWLRQDO G\QDPLFV ZKLOH WKH\ DOO HQJDJH LQ ZLWK WKH HQYLURQPHQW >@ 6HQLRU PDQDJHUV FRXOG RFFXS\ RQH
SKDVH VSDFH DQG PRUH MXQLRU VWDII DQRWKHU ZKLFK FDQ KDSSHQ ZKHQ QHZ OHDGHUVKLS LV DSSRLQWHG RU ZKHQ
RUJDQL]DWLRQVDUHWDNHQRYHURUDPDOJDPDWHG
7KHV\VWHP
VHYROYLQJVWDWHRYHUWLPHWUDFHVDSDWKRUDSKDVHVSDFHWUDMHFWRU\'RFXPHQWLQJWKHSKDVHWUDMHFWRU\
FDQ RIWHQ SURYLGH XVHIXO FOXHV WR FXUUHQW EHKDYLRU RI WKH HQWHUSULVH V\VWHP RU SURMHFW &RPSOH[ V\VWHPV DUH
VHQVLWLYHO\GHSHQGHQWRQWKHLQLWLDOFRQGLWLRQVRIWHQFDOOHGWKHEXWWHUIO\HIIHFW2IWHQZDUVIDOOLQWRWKLVFDWHJRU\
.XKQ >@ GHVFULEHV DWWUDFWRUV DV HQHUJLHV WKDW PRWLYDWH )RU PRVW SHRSOH ZRUNLQJ OLIH LV D VWURQJ DWWUDFWRU
3ROLWLFVUHOLJLRQDQGHQYLURQPHQWDOLVPPD\DOODFWDVDWWUDFWRUVLQVRPHRQH¶VG\QDPLFV
$SDUWLFXODUVWDWHFDQEHFRPHVWDEOHDQGKHQFHEHFRPHVDQDWWUDFWRUFRQILJXUDWLRQ>@7KHERXQGDULHVGHILQH
ZKDW LVFDOOHGDQDWWUDFWRUFDJHDQG WKLVSURYLGHVDGHJUHHRI VWDELOLW\+D]\SURYLGHV WKHH[DPSOHRIZKHQ ,QWHO
FKDQJHGWUDMHFWRULHVIURPWKDWRIDG\QDPLFUDQGRPDFFHVVPHPRU\FKLSFRPSDQ\WRWKDWRIDPLFURSURFHVVILUPLW
ZDVUHIOHFWHGLQDELIXUFDWLRQV$WRUQHDUWKHELIXUFDWLRQSRLQWWZRDWWUDFWRUFDJHVFRH[LVW>@
 6\VWHPVLQWHOOLJHQFH
$ IXQGDPHQWDO DVSHFW RI ZRUNLQJ ZLWK D FRPSOH[ V\VWHP DQG SURYLGLQJ D WRRO WR DVVHVV ZKHWKHU SHRSOH LQ
RUJDQLVDWLRQVDUHUHDG\WRLPSOHPHQWFRPSOH[LW\SULQFLSOHVLVWHVWLQJWKHPIRUWKHLUV\VWHPVLQWHOOLJHQFH
7KH FRQFHSW RI V\VWHPV LQWHOOLJHQFH ZDV LQWURGXFHG E\ +lPlOlLQHQ DQG 6DDULQHQ LQ  DV ³LQWHOOLJHQW
EHKDYLRXU LQ WKH FRQWH[W RI FRPSOH[ V\VWHPV LQYROYLQJ LQWHUDFWLRQ DQG  IHHGEDFN´>@ 3HRSOHZLWK V\VWHPV
LQWHOOLJHQFH SHUFHLYH WKHPVHOYHV DV ERWK LQIOXHQFLQJ DQG EHLQJ LQIOXHQFHG E\ WKH ZKROH 7KH\ REVHUYH WKHLU
LQWHUGHSHQGHQFHZLWKWKHV\VWHPHQYLURQPHQWDQGDFWLQWHOOLJHQWO\>@.HUU>@LQWHUSUHWV6DDULQHQ	+lPlOlLQHQ
>@WKDWV\VWHPVWKLQNHUVµUHFRJQLVHWKDWV\VWHPVWKLQNHUVFDQEDODQFHWKHSDUDGR[LFDODVSHFWVRIDFWLQJLQWHOOLJHQWO\
ZLWKRXWNQRZLQJWKHV\VWHPFRPSOHWHO\EDODQFLQJFRQWURODQGHPHUJHQFHDQGGHPRQVWUDWLQJDOPRVWVHOIOHVVQHVVZLWK
VWHUQUHVROYH
.HUUDOVRUHFRJQLVHVWKDWµRQHRIWKHEDVLFVRIV\VWHPVLQWHOOLJHQFHLVUHDOLVWLFKDQGVRQRSWLPLVPZKLFKLVWKHNH\
WRSRVLWLYHO\UHIUDPLQJSHRSOHVFRUHEHOLHIV
/RVDGD¶VZRUNRQKLJKSHUIRUPLQJWHDPVOLVWVWKHWKUHHFULWLFDOPLFUREHKDYLRXUVDVDFWLQJSRVLWLYHO\HQTXLULQJRI
RWKHUVDQGUHIHUULQJWRWHDPPDWHV¶>@
.HUU FRPPHQWV µD SRZHUIXO DVSHFW RI 6, LV WKH DFNQRZOHGJHPHQW RI LQWHOOLJHQW DFWLRQV VXSSRUWHG E\ SHUVRQDO
UHVSRQVLELOLW\DVDEDFNERQHRIWKRVHDFWLRQVWKXVDYRLGLQJWKHFRJQLWLYHV\VWHPVWUDSRIEHOLHYLQJWKDWRQFHZHKDYH
FRJQLWLYHO\LGHQWLI\WKHUHOHYDQWV\VWHPVPRVWRIWKHZRUNLVGRQH¶>@
)LQDOO\ .HUU >@ FRPPHQWV WKDW µV\VWHPV LQWHOOLJHQFH DOLJQV SRZHUIXOO\ ZLWK WKH FRQFHSW RI FKDRUGLF V\VWHPV
WKLQNLQJLQZKLFKFKDRUGLFV\VWHPVWKLQNHUVDUHLQIRUPHGE\WKHIXQGDPHQWDOSULQFLSOHVRIFRQVFLRXVQHVVFRQQHFWLYLW\
LQGHWHUPLQDF\HPHUJHQFHDQGGLVVLSDWLRQ>@ =KX FRQFOXGHV WKDW LQFRUSRUDWLQJFRPSOH[LW\LQWRRUJDQL]DWLRQDOOLIH
UHTXLUHVD SUDJPDWLF VHQVLELOLW\ ZLWK LWV HPSKDVLV RQ WKH XQLW\ RI LGHD DQG DFWLRQ RQ FRPPXQLW\ FRQYHUVDWLRQ
DV WKH RQO\ VRXUFH RI DFWLRQ JXLGDQFH RQ VLWXDWHG XWLOLWDULDQ HQGV UDWKHU WKDQ D KLVWRULFDO ORJLFDO HQGV RQ
JURXQGLQJ NQRZOHGJH XSRQ SUDFWLFDO FRQVHTXHQFHV RQ RSHQQHVV WR DOWHUQDWLYHV DQG GLIIHUHQFHV D Q G   RQ
HQJDJLQJ FRQWUDVWLQJ RU FRQIOLFWLQJ SHUVSHFWLYHV 7KHVH DUH SDUWLFXODUO\ XVHIXO IRU LQFRUSRUDWLQJ FRPSOH[LW\
LQVLJKWVLQWRRUJDQL]DWLRQOLIHLQJHQHUDO>@
3. Conclusions
7KH LVVXH RI ZKHWKHU FRPSOH[ SURMHFWV DQG V\VWHPV FRXOG ORFDWH WKHPVHOYHV FORVHU WR WKH FRPSOH[LWLHV VSDFH
UDLVHVWKHTXHVWLRQRIZKHWKHUFRPSOH[SURMHFWVDQGV\VWHPVQHHGWREHWUDQVODWHGLQWRFRPSOLFDWHGV\VWHPVZLWKD
IDLUGHJUHHRIUHTXLVLWHYDULHW\LQRUGHUIRUVWDNHKROGHUVDQGSDUWLFXODUUHVSRQVHVWRJDLQFRQILGHQFHWRLQYHVWDQG
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IRUSUDFWLWLRQHUVWRLPSOHPHQW$W\SLFDOV\VWHPRIV\VWHPVXFKDVWKH$LU2SHUDWLRQV&HQWUHRIWKH86'R'ZLWK
LWVDXWRQRPRXVLQGHSHQGHQWV\VWHPVZLOOQHYHUEHEURXJKWWRWDOO\XQGHUFRQWURO>@
&KDRUGLF V\VWHPV ZLWK WKHLU SRWHQWLDO IRU VWDELOLW\ FKDQJH SURYLGH VLJQLILFDQW RSSRUWXQLWLHV HVSHFLDOO\ LQ
EXVLQHVV DQG SROLWLFDO VLWXDWLRQV ZKLFK UHTXLUH VLJQLILFDQW UHIUHVKLQJ 6XFK FKDQJHV DUH DOVR VXSSRUWHG E\
*XQGHUVRQ	+ROOLQJ>@5HFRJQLWLRQRISRZHUODZVDQG3DUHWLDQVWDWLVWLFVDSSHDUVWREHSRRUO\WUHDWHGLQ6R6DV
DUHVFDOHIUHHDQGIUDFWDOEHKDYLRU
7KH LPSRUWDQFH RI DGDSWLYH WHQVLRQ KDV EHHQ ZHOO GHPRQVWUDWHG E\ LQWHUQDWLRQDO VDQFWLRQV DJDLQVW YDULRXV
FRXQWULHV ZKLFK KDYH GULYHQ SROLWLFDO FKDQJH VXFK DV RFFXUUHG LQ ,UDQ ZLWK UHJDUG WR GHYHORSPHQW RI QXFOHDU
ZHDSRQV 0DQ\ JRYHUQPHQW GHSDUWPHQWV LQDGHTXDWHO\ DWWHPSW WR GULYH FKDQJH DQG LQFUHDVLQJ DGDSWLYH WHQVLRQ
ZRXOGFHUWDLQO\DVVLVW$VWURQJFRQFOXVLRQLVWKHVLJQLILFDQWLPSRUWDQFHRIWKHORFDOFRQWH[WDQGORFDOHQYLURQPHQW
RI WKH FRPSOH[ V\VWHP RU SURMHFW 7KLV RI FRXUVH LV QRW D QHZ FRQFOXVLRQ EXW WKLV SDSHU VWURQJO\ HQGRUVHV WKH
LPSRUWDQFHRIFRQWH[WDQGHQYLURQPHQW
([SORULQJ WLQ\ LQLWLDWLQJ HYHQWV LV DOZD\V JRLQJ WR EH SUREOHPDWLFDO EHFDXVH RI WKH FRVW EHQHILWV RI H[SORULQJ
PDQ\SRWHQWLDOWLQ\LQLWLDWLQJHYHQWVZKLFKPD\QRWOHDGDQ\ZKHUH
7KHUH LV UHDO EHQHILW LQ H[SORULQJ.DXIPDQQ¶V ILWQHVV ODQGVFDSH IRU FRPSDULQJSRWHQWLDO FRPSOH[SURMHFWV DQG
FRPSOH[V\VWHPV
6\VWHPLFDQGFDVFDGLQJULVNLVSRRUO\GHDOWZLWKZLWKWKHH[FHSWLRQRI+HOELQJ>@DVWKHUHLVQRLQWHUQDWLRQDO
VWDQGDUGIRUDVVHVVLQJV\VWHPLFDQGFDVFDGLQJULVNDQGWKHVHDUHLQFUHDVLQJH[DPSOHVWKURXJKFOLPDWHFKDQJH:RUN
QHHGVWREHFRPSOHWHGWRGHYHORSDGUDIWVWDQGDUG
7KHUROHRISKDVHVSDFHSDVWKLVWRU\DQGDWWUDFWRUFDJHVQHHGVPRUHDWWHQWLRQDVLWSURYLGHVUHDG\H[SODQDWLRQRI
ODFN RI ZLOOLQJQHVV RI SHRSOH LQ YDULRXV FRXQWULHV DQG HQWHUSULVHV DQG HYHQ PDUULDJHV WR FKDQJH 6XFK ZRUN
FRQGXFWHGEHIRUHWKHLQYDVLRQRI$IJKDQLVWDQPD\KDYHSURYLGHGDVWURQJFRQWH[WXDOIUDPHZRUNIRUVHHNLQJWRZLQ
WKHKHDUWVDQGPLQGVRIWKHSHRSOH
6\VWHPV LQWHOOLJHQFH DSSHDUV WR EH VHOGRP DGGUHVVHG LQ V\VWHP RI V\VWHPV ZRUN ,W LV D XVHIXO WRRO DQG FRXOG
FRQWULEXWHWRFKRLFHRIVWDIIWRZRUNRQFRPSOH[V\VWHPVDQGDOVRWRVWDIIGHYHORSPHQWSURJUDPV
7KH SULPDU\ GLVDGYDQWDJH RI 6R6 RUJDQL]DWLRQV HLWKHU QRW UHFRJQL]LQJ WKH UDQJH RI DSSURDFKHV IURP FRPSOH[
V\VWHPVLVWKDWWKHSRZHURIWKHVHIXQFWLRQVLVGHQLHGWKHP2QHFDQXQGHUVWDQGDSURMHFWEDVHGJURXSQRWSURSRVLQJWR
'R'WKDWWKHSURMHFWVLWRQWKHERDUGHURIFRQWURODQGFKDRVKRZHYHULQGHYHORSLQJSRWHQWLDOLQQRYDWLRQVWKHXVHRI
WRROVVXFKDVFKDRUGLFV\VWHPVDQGWKHUHFRJQLWLRQRIHQWHUSULVHVPRYLQJWKURXJKSKDVHVRIWUDQVLWLRQDUHZRUWKZKLOH
FRQFHSWV6RFLDOPHGLD>@ZDVVKRZQWREHFUXFLDOLVFRQWULEXWLQJWRUHOLHILQWKH+DLWLHDUWKTXDNHGHYHORSPHQW
RIWKH8.¶V%%&0HGLD&LW\LQXVLQJ&KHFKODQG¶VVRIWV\VWHPDSSURDFK>@DQGRWKHUWRROVZHUHXVHGLQ
*RURGHWDO>@2WKHUSDSHUVLQWKLVYROXPHDGGUHVVV\VWHPLFULVNDQGDUDQJHRIRWKHUDSSURDFKHVZKLFKDUHQRW
FRYHUHGLQRQHRIWKHEHVWSDSHUVUHYLHZLQJ6R6E\.HYLQ0DF*$GDPV>@
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